1. Exploring events in nature until a meaningful question emerges 2. Probing the material world directly for an answer 3. Arguing the validity of that answer to an audience.
As an instructional technique, inquiry learning is not new. Biological Sciences Curriculum Study provided excellent guidance in its ''Invitation to Enquiry'' materials in the 1960s, and recent reform efforts [National Science Education Standards (NRC 1996) , Benchmarks for Scientific Literacy (AAAS 1993) ] have reminded us once again of the pivotal role that inquiry plays in science education. In this article, we describe a model of inquiry learning that is basic, but that ties together the fundamental processes of seeking, identifying and substantiating knowledge by learners. The model has three phases: developing a question, answering the question, and arguing the answer. Each of the phases is important, but perhaps none more so than that of arguing the answer, for it is here that students reconstruct their thinking, marshal the evidence they have gathered, and make logical connections between an existing body of knowledge and the conclusions they have drawn. Following the description of the model are two examples of how inquiry learning can be fostered by a close student-teacher relationship.
Phase I: Asking the Question
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value, both educationally and personally. Not only does the experience of originating one's own question imbue an inquiry with meaning (because the student has a personal investment in the outcome), but the act of formulating a significant question that is researchable involves the student in higher-order thinking. This higher-order thinking takes the form of inferring from observations, making predictions from inferences, developing questions of significance, and forming testable hypotheses.
In ''structured'' inquiry, teachers typically constrain students' experiences by furnishing questions and the procedures for resolving those questions, with the intent of having all students converge on a single acceptable outcome. Structured inquiry is valuable to learners who have little experience in developing questions for themselves, but teachers don't often help students toward autonomous inquiry by discussing with them why a particular question is more meaningful or relevant than another. Meaningfulness to the student is tied to the students' personal interests, curiosity, and some connection to their own world of experience. However, inquiry questions aren't just anything the student is curious about. An inquiry question should seek an answer that clarifies relationships. To ask ''how often'' a phenomenon occurs, for example, is merely a descriptive question. To ask ''How does the occurrence of this phenomenon vary with other events, conditions, or properties?'' is an investigation of relationships-a much more powerful question, leading to explanation rather than mere description of events. Wondering about the phenomena this way is not natural for most students; they will not intuitively generate such questions without some acquaintance with the way scientists think. Furthermore, generating these types of questions is so important that it is worth concentrating significant curricular efforts on developing such skills.
Purely exploratory activities, under the direction of a teacher, provide fertile experiences for encouraging students in the art of framing a question. During exploratory activities, students should be prompted to go a step beyond simply observing ''the way things are,'' and to engage in creative attempts to explain their observations, drawing on ideas from other situations that help them explain the new situation. However, while hands-on explorations initiate the inquiry process, they fall short of the goal if the teacher does not follow up students' observations with open-ended questions, challenge predictions, or ask for evidence to encourage a climate of inquiry in the classroom. It is in this exploratory phase that meaningful questions originate and students are helped to narrowly define a question so that it can be investigated and answered through a dialogue with the natural world.
Phase II: Answering the Question
Designing a way to answer a question (or resolve a hypothesis) is not a ''do-your-own-thing,'' but requires that students have perseverance and discipline. In this phase students take risks, try out new ideas, and assume autonomy for their investigation and their reasoning. In designing experiments, students must develop an understanding of how the collection of data must flow conceptually from the question. In order to answer the question, certain types of data must be gathered whose interpretation will act as evidence in support of the hypothesis. An important activity for the student is identifying the variables, particularly the responding (dependent) variable. This helps define what concrete observations or measurements will be collected as evidence. Decisions about the best methods to use, time management, depth of exploration, and even redefining the question and starting over are important as students experience research firsthand. Often, students will recognize that they aren't collecting the right data to resolve their hypotheses, or that the data being collected changes the nature of the question. This is an opportunity to redefine the question or rethink the experimental design. This is why inquiry must be both systematic and flexible; unfortunately, these experiences are not available to students who conduct overly structured inquiry in which the questions and the methods of answering the questions are provided. Only independent inquiry is likely to cultivate the valuable realization that a particular experimental design did not answer the question, or that the question itself was inappropriate.
Good teachers realize that these mistakes students make in the course of doing inquiry are intrinsic to the process of understanding science. An experienced teacher from Seattle, Washington recalled an experience with a student in the middle of a frustrating experiment. The student said, ''Tell me if what I'm doing is right. I don't want to waste my time making a mistake.'' She recalls that the remark ''turned me around as a science teacher. This light bulb went on in my head and I thought, we've got to get kids to the point where they realize that making a mistake isn't a waste of time.''
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Again, evidence is only as important as the meaningfulness of the question it supports. And in turn, the substance of the argument flows from the question and the evidence gathered. In this sense, Phase II is intimately linked with Phases I and III.
Phase III: Arguing the Answer
Often, well-intentioned inquiries are terminated after an experience with the ''scientific method.'' Students may have experienced a part of scientific investigation, but unless they are required to defend their conclusions to their peers, they are never forced to review their procedures, organize their results into a logical format, or review the logical links between observations, questions, procedures, interpretations and conclusions. In constructing an argument, the inquirer's primary objective is to persuade a group of peers of the validity of his or her findings.
Interestingly, the logical progression of the scientific method is equally valuable as a tool for retrospection-as a vehicle for arguing the validity of the conclusion-as it is a prescriptive set of instructions for conducting scientific investigations. In this activity, the student learns to value evidence. And, if students know they will have to defend all the links in the inquiry process to others, it is likely that they will be more aware of how question, method, interpretation and argument should remain logically connected during inquiry. Experimental design becomes important because interpretations and conclusions are directly connected to the design. In addition, the critical review of one's work by peers emphasizes the ethics of scientific conduct (accuracy of records, open sharing, due regard to health, comfort and well-being of animal subjects).
Important tools for supporting arguments, as well as interpreting the evidence that founds the argument, are graphs and other visual displays of data that communicate trends and patterns in data. Data must often be transformed before they reveal their regularities and relationships. Raw numbers can be transformed into tables, graphs and equations. Scientists often rely on these transformations to help them visualize relationships. For example, spreadsheet data can be transformed into Venn diagrams to show how objects or events share multiple characteristics. From the same data, a scatterplot may be constructed to show correlations between two dimensions of the data and whether these correlations are positive or negative. Students can be supported in their development of representational thinking if they are encouraged to debate the relative virtues of tools like Venn diagrams and dimensional graphs as lucid representations of data. Students should develop a mental ''toolkit'' of possible representations and a sense of what each can reveal. Without this understanding, meaningful interpretations of data are severely limited.
Another tool to support argumentation is the lab report or journal. Unfortunately, written lab reports have fallen out of use in recent years in science classes. Part of the reason is that students are not experiencing inquiry in the context of questions that are meaningful to them; consequently there is no investment in the answer or the argument, and lab reports become destructively boring exercises. However if lab journals are used to document the students' efforts at resolving their own questions of interest, students will become much more invested in the habit of record-keeping. The lab journal, however, is more than record-keeping; it is ''thinking on paper''-a concrete way for students to organize their thinking before engaging in a study and a way to reflect back on the recorded links between question, experiment, evidence and interpretation.
Argument is relevant, of course, only if students have developed their own question and their ways of answering the question. In most overly structured inquiry experiences where students are provided with both the question and the procedures to resolve the question, every student converges on the same answer. In these cases, presenting your findings to the class for critical review is a moot exercise.
Examples of Inquiry Investigations
Students of all ages can engage in full inquiries that involve each of the three phases described above. A firsthand experience with scientific inquiry can be more important for developing scientific literacy than all the well-designed discussions or inspiring lectures. This is true for three reasons. First, it engages the inquirers in a very personal way with their own learning-they have a stake in the outcome of their investigations because they are addressing their own questions. Second, it builds confidence in ''science as a way of knowing.'' And third, it gives students the experience of ''being scientists,'' emulating the behavior of scientists engaged in doing science.
Connecting students to the authentic practices of scientists is a strength of independent inquiry. Unfortunately, students conceive of scientific practices as ''clean'' unambiguous processes that yield objective and irrefutable truths (Kuhn 1970) . The portrayal of science as a set of finished achievements can be of little support to students who find that, during their own inquiry, they must revise their questions in midinquiry, struggle to create relevant data, and make subjective interpretations of results. Students often express disbelief when confronted with the notion that they can create firsthand knowledge for themselves by using inquiry as a tool. Students are too comfortable assimilating knowledge produced by oth-348 THE AMERICAN BIOLOGY TEACHER, VOLUME 62, NO. 5, MAY 2000 ers via text, direct instruction, and through overly structured lab exercises. Part of the challenge for teachers is to develop in students a belief that they are capable agents in constructing original knowledge. The following two examples show how independent inquiry can flourish in classrooms of young learners, with the strategic support of inquiry-wise teachers.
Example 1
The book, Inquiry at the Window by Phyllis and David Whitin, chronicles fourth-grade students' yearlong experiences observing and investigating bird behavior at a feeder outside their classroom window. The authors emphasize the importance of wonder as the starting place for inquiry. Students were encouraged to make speculations about the birds that visited the feeder and to keep a journal on the bird activities. These observations led to questions, which in turn led to predictions. One student hypothesized that the longer the female bluebird stayed away from the nest, the larger the amount of straw she would bring back. Observations were made, data were gathered, and graphs were constructed. The graphs were imperfect, but they reflected the students' own interpretation of the evidence. Graphing wasn't forced into the situation in an artificial way but was used because students wanted to be able to portray their data visually. Students investigated relationships that they found interesting and were free to display the data in whatever way made the most sense to them. A key element in this inquiry process involved group discussion when students used their graphs to explain to their classmates what they had learned. The teachers were respectful of the students' efforts and each student's contribution to group understanding. While teachers were there to provide materials and guidance, it was clear that the students were in charge of their own investigations and learning.
Example 2
Inquiry often employs hypothetical-deductive reasoning which flows something like this: ''If this is true . . . and we do this . . . then this will happen'' (Lawson 1994) . Students of all ages will benefit from exposure to simple hypothetical-deductive reasoning if they are interested in the outcome. And teachers who know the value of inquiry are quick to take advantage of any situation that turns a hands-on activity into a scientific investigation. One of the authors witnessed the following exchange in a middle school classroom during a unit on microbiology, when a student's question turned a straightforward yogurt-making activity into an experiment. What is important here is the teacher's skillful guidance as the student reasoned out his prediction. By this time the other students, who had been listening to the exchange, had their own ideas about hypotheses to test. The teacher quickly organized the class into teams of scientists, and asked each team to decide on one idea to test and to be ready to explain to the rest of the class how they reasoned out their prediction. In this way, she helped to develop a sense of reasoning in students about setting up an experiment and encouraged students to believe that they could construct their own knowledge.
Summary
Repeated opportunities to engage in scientific inquiry help students to develop scientific habits of mind (American Association for the Advancement of Science 1993). This requires more time for independent work than is generally allotted to students, especially in classes where teachers are overly concerned with covering content (Welch et al. 1981) . No meaningful inquiry is going to take place in a 50-minute period, perhaps not in a week of classtime. And, because inquiry is a concert of so many intellectual sub-skills, students can move from novice to expert inquirers only though repeated, teacher-supported inquiry opportunities throughout the year. Teachers must be committed to the end goals of inquiry in order to provide adequate time for this to happen. The recommendations from this article are:
1. how to manage time, redefine the inquiry question, and even start over if necessary. 4. Students should develop a mental ''toolkit'' of possible graphic representations of data and a sense of what each can reveal. Without this understanding, meaningful interpretations of data are severely limited. 5. Encourage the students to make mental connections between their inquiry question, the way they gather evidence, and the conclusions they draw. The scientific method can be used after inquiry, as a framework for arguing the findings of their investigations. 6. Habituate students to using lab reports as a way to help them organize their thinking and to provide documentary support for their work as it is critically reviewed by their peers.
The points above are not intended to represent an exhaustive list of specific skills, but to comprise a set of larger ideas whose integration into classroom inquiry are crucial to students' understanding of their own self-efficacy in constructing knowledge and to their understanding of the authentic pursuits of scientists. These elements also serve to tie the inquiry process together so that the student sees it as a holistic, meaningful process in which the validity of the outcome is dependent upon the sensible relations among the parts of the process. Independent inquiry offers a vision of learning that involves the exploration of events in nature until a meaningful question emerges, probing the material world directly for an answer, and then arguing the validity of that answer to an audience.
